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Naþ-driven solute carriers (SLCs) for
physiologically important organic and
inorganic substrates are thought to
operate on the principle of alter-
nating access. The alternating access
mechanism predicts that the sub-
strate binding site of the transporter
can be exposed to either the ex-
tracellular or the intracellular side
of the membrane, but not to both
sides at the same time (1). Direct
evidence for this mechanism has
been obtained recently from three-
dimensional structures of several fam-
ilies of active transporters, which
were crystallized in varying conforma-
tions, including inward- and outward-
facing states (reviewed in Forrest
et al. (2)).
Naþ-driven transporters for inor-
ganic phosphate are known to belong
to the SLC20 and SLC34 families (3).
The SLC34 family member NaPi-IIa
is expressed in the apical membranes
of the proximal tubule in the kidney,
where it contributes to phosphate re-
uptake (3). NaPi-IIa utilizes the trans-
membrane concentration gradient of
Naþ for concentrative uptake of phos-
phate against its own concentration
gradient. The structure of the phosphate
transporters is currently not known.
However, analysis of the transmem-
brane topology of NaPi-IIa indicates
the existence of an inverted repeat (3),
a hallmark of the molecular architec-
ture of several secondary-active trans-
porters (for example, see Abramson
et al. (4)).http://dx.doi.org/10.1016/j.bpj.2014.02.029
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0006-3495/14/04/1549/2 $2.00Transport via the alternating access
mechanism requires that transporters
visit distinct conformational states
while moving through the transport
cycle. Direct determination of the
structures of these states is desirable.
However, obtaining such structures re-
mains a formidable challenge. In addi-
tion, crystal structures represent only a
static image. However, information on
the dynamics of transitions between
distinct states, as well as the steady-
state distribution of states, is critical
for a detailed understanding of the
transport mechanism.
In this edition of the Biophysical
Journal, Patti and Forster (5) present
elegant work that combines electro-
physiological analysis of NaPi-IIa
transporter function with fluorescence
measurements from the same cell to
characterize conformational changes
in the transport cycle (5). Using
this voltage-clamp fluorometry (VCF)
approach, the steady-state distribution
of conformational states was perturbed
by step changes in the transmembrane
potential. Subsequently, relaxation to
a new steady state was followed by
recording emission from a fluorescent
reporter that was sensitive to the micro-
environment, and that was attached
to NaPi-IIa at strategically-selected
positions. Interestingly, voltage-jump-
induced fluorescence changes were
dependent on the exact location of la-
beling,with two sites showing opposing
signs of fluorescence changes at the
same voltage. These results suggest
that voltage-dependent conformational
changes lead to specific changes in
the microenvironment at these labeled
sites.
VCF has been used in the past for
functional studies of channels and
transporters (6,7). What makes the
report by Patti and Forster unique is
the meticulous analysis of the fluores-
cence and electrophysiological data,
using kinetic simulations. The authors
arrive at a unified mechanistic model
that fully accounts for the experimental
data, at the same time integrating previ-
ous results from mechanistic studies.They propose that conformational tran-
sitions of the phosphate and Naþ-free
transporter, as well as Naþ binding to
the internal and external binding sites,
are associated with charge redistribu-
tion within the membrane. The reporter
fluorophores were attached to positions
at the top of predicted transmembrane
domains 1 and 2, although other posi-
tions at the extracellular boundaries of
transmembrane domains 3, 6, and 10
also report on voltage-dependent struc-
tural changes, as published by the same
laboratory previously (8). Finally, the
results allowed the authors to predict
fluorescence intensities of the attached
fluorophores at different positions
and in different states along the trans-
port cycle, yielding state distributions
consistent with the alternating access
hypothesis. These state distributions
are controlled by the transmembrane
potential and the concentration of the
driving Naþ ion.
The VCF technique, as clearly
demonstrated in this report, has the
potential to provide detailed informa-
tion on the conformational dynamics
of transport proteins, which are unique
to the position of attachment of the flu-
orophore. The structure of NaPi-IIa is
unknown, making the structural inter-
pretation not straightforward. How-
ever, for transporters, for which the
three-dimensional structure is known,
this approach should yield mecha-
nistic information that is even more
detailed. Thus, it is likely that VCF
will continue to be a powerful tool in
research on transporter mechanisms.REFERENCES
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